We implemented a carbapenem-saving strategy in hemato-oncology patients from 2013, using an empirical combination of piperacillin-tazobactam and amikacin for high-risk hemato-oncology patients with febrile neutropenia, who remain hemodynamically unstable > 72 hours despite initial cefepime treatment. All-cause mortality was not different between the two periods (6.54 and 6.57 deaths per 1,000 person-day, P = 0.926). Group 2 carbapenem use significantly decreased after strategy implementation (78.43 vs. 67.43 monthly days of therapy, P = 0.018), while carbapenem-resistant gram-negative bacilli did not show meaningful changes during the study period. Our carbapenem-saving strategy could effectively suppress carbapenem use without an increase of overall mortality.
in clinical isolates of Pseudomonas and Acinetobacter spp. We recommended empirical administration of PTZ/AMK to high-risk hemato-oncology patients with febrile neutropenia, 2 who remain hemodynamically unstable > 72 hours despite initial cefepime treatment and had no identification of any pathogenic organisms. This strategy was recommended by consultation and resident education without compulsory protocol. Although the carbapenem-saving strategy was applied to patients with febrile neutropenia, its effect on the amount of prescribed antibiotics and resistant pathogen was evaluated in the overall hemato-oncology patients because of the following reasons: 1) antibiotic use during febrile neutropenia would affect patients' flora and influence antimicrobial resistance of the following infections after the recovery from neutropenia, and 2) because hemato-oncology patients are admitted almost exclusively in hemato-oncology wards, resistant pathogens could be shared between patients through environment.
The study period was from the second quarter of 2011 to the first quarter of 2015: since our hospital experienced an outbreak of Middle East respiratory syndrome and partially closed in the second quarter of 2015, we evaluated a two-year period before that quarter. 4 The carbapenem-saving strategy was implemented from the first quarter of 2013.
We collected administrative, mortality, antibiotic prescription, and blood culture data for hemato-oncology patients. Hemato-oncology wards included four general wards, one reverseisolation ward for bone-marrow transplantation, and one intensive care unit. Prescription data on AMK, PTZ, group 1 carbapenem (Gr1C; ertapenem), and Gr2C (imipenem/cilastatin, meropenem, and doripenem) were calculated as days of therapy per 1,000 person-days (DOTs/1,000 PDs). Blood isolates of Enterobacteriaceae, Pseudomonas spp., and Acinetobacter spp. were identified and resistance was calculated as resistance rates per 1,000 PD.
Blood cultures were taken from peripheral veins or central lines and were processed by the BacT/ALERT 3D system (bioMérieux Inc., Marcy l'Etoile, France). For species identification and antimicrobial susceptibility testing, a VITEK II automated system (bioMérieux Inc.) was used, utilizing a standard identification card and the modified broth microdilution method. Minimum inhibitory concentration breakpoints and quality-control protocols were used according to the standards established by the Clinical and Laboratory Standards Institute. PTZ susceptibility for Acinetobacter spp. was not reported.
Student's t-test was used for comparison of continuous variables. To evaluate associations between antibiotic prescription and resistance, the monthly antibiotic resistance rate was compared with average DOTs of the prior three months using a linear regression model. All P values were two-tailed and P < 0.05 was considered statistically significant. IBM SPSS statistics version 20.0 (IBM Corp., Armonk, NY, USA) was used. Before strategy implementation, the antibiotic resistance rates of Enterobacteriaceae were, on average, 0.27% per 1,000 PD to AMK, 0.29% to PTZ, and 0.06% to Gr2C. Only PTZ resistance significantly increased after strategy implementation, to 1.42% per 1,000 PD (P = 0.001) ( Table 1) . AMK resistance did not increase during the study period despite an increase in AMK prescriptions (Fig. 1A) , and no relationship between AMK prescription and resistance was observed ( Fig. 2A ). An increase in use of PTZ and increased PTZ resistance was seen during the study period (P = 0.001). A proportional increase in PTZ resistance according to PTZ prescriptions was observed (P = 0.006). Although carbapenem prescription was significantly decreased, significant reduction in carbapenem resistance was not observed. No relationship was seen between carbapenem prescription and resistance.
Antibiotic resistance of Pseudomonas spp., on average, was 1.42% per 1,000 PD to AMK, 5.08% to PTZ, and 7.83% to Gr2C before strategy implementation. Resistance did not change after implementation ( Table 1) . The overall trend in antibiotic resistance of Pseudomonas spp. is in Fig. 1B , and association between antibiotic prescription and resistance in Fig. 2B . No relationship was observed between antibiotic prescription and resistance.
Antibiotic resistance of Acinetobacter spp., on average, was 1.93% per 1,000 PD to AMK and 1.93% to Gr2C before strategy implementation. The carbapenem resistance rate significantly Quarter of years increased to 8.30% after implementation (P = 0.002) ( Table 1 ). The overall trend for antibiotic resistance of Acinetobacter spp. is in Fig. 1C , and association between antibiotic prescription and resistance in Fig. 2C . Although carbapenem resistance increased after strategy implementation, it was not associated with prior prescription (P = 0.926).
In addition to systemic antibiotic stewardship programs using a computerized clinical decision support system, 1,5 we emphasized non-compulsory methods through educational lectures, conferences, and consultation. This evaluation of a carbapenem-saving strategy represents the effect of these methods: increased AMK prescription after strategy implementation substituted that of Gr2C, and overall Gr2C use decreased significantly. All-cause mortality and Gr1C use did not change after strategy implementation. Good compliance to this non-compulsory strategy was owing to prescriber's understanding and concern about antibiotic resistance. However, increased PTZ prescription which was not directly related to the carbapenem-saving strategy, led to increased PTZ resistance of Enterobacteriaceae. Although we think the main deriving force of PTZ overuse would be increasing incidence of drug-resistant gram-negative pathogens and relatively preserved PTZ susceptibility, 3,6-8 our carbapenem-saving strategy might contribute to PTZ overuse in other indications by weakening psychological barriers against PTZ prescription. This suggests that implementation of an antibiotic-using strategy should be accompanied by careful monitoring of overall antibiotic use.
The direct impact of decreased carbapenem prescription was limited to preventing an increase in carbapenem resistance. Carbapenem-resistant Enterobacteriaceae were rarely identified before strategy implementation, and carbapenem-resistant non-fermenters (Pseudomonas or Acinetobacter spp.) did not show meaningful changes during the study period. No relationship between antibiotic prescription and resistance was observed in non-fermenters, probably because we could not adjust for other resistance factors including environmental contamination or transmission from long-term care facilities. 9-11 Also, since our data evaluated overall use of antibiotics and resistance rates, per-patient relationships between antibiotic use and resistance were not evaluated. 
